The eukaryotic genome is partitioned into topologically associated domains (TADs) that assemble into compartments of shared chromatin valance. This architecture is influenced by the physical constraints imposed by the DNA polymer, which restricts DNA interactions predominantly to genomic segments from the same chromosome. Here, we report a dramatic divergence from this pattern of nuclear organization that occurs during the differentiation and specification of mouse olfactory sensory neurons (OSNs). In situ HiC on FAC-sorted OSNs shows that olfactory receptor (OR) genes from numerous chromosomes make frequent, extensive, and highly specific interchromosomal contacts that strengthen with differentiation. Moreover, in terminally differentiated OSNs, >30 intergenic enhancers generate a multi-chromosomal hub that associates only with the single active OR from a pool of ~1400 genes. Our data reveal that interchromosomal interactions can form with remarkable stereotypy between like neurons, generating a regulatory landscape for stochastic, monogenic, and monoallelic gene expression.
hierarchical fashion during development, with cis interactions being detected first, trans interactions appearing in more differentiated stages and reaching maximum frequency in mOSNs. Interestingly, the gradual increase of compartmentalization is not restricted to OR clusters, since our HMM-based prediction of genomic compartments shows that the total number of distinct compartments increases with differentiation (Extended data Fig.4a , b) consistent with predictions made by soft X-ray tomography studies on these cells 16 .
The interactions described thus far involve heterochromatic regions, which may compartmentalize due to phase transition properties of heterochromatin proteins 17, 18 . Within the OR clusters, however, reside 63 euchromatic transcriptional enhancers, the Greek Islands, which regulate the transcription of proximal ORs 5, 19 .
Previous work suggested that these elements interact with high frequency in the MOE 5 , however it is unclear if their associations represent highly specific contacts between these elements or a consequence of surrounding OR interactions. Consistent with the former hypothesis, Greek Island contacts represent HiC "hot spots"
suggesting that these elements interact with high specificity with each other (Fig.3a, b ). This is a general property of Greek Islands as depicted by the aggregate analysis of trans Greek Island contacts with 4 fulllength chromosomes (Fig.3c) . Further supporting the specificity of these interactions, in situ HiC in mOSNs carrying homozygote deletions for Islands H 20 (2Kb), Lipsi 5 (1Kb), and Sfaktiria (0.6Kb), shows that the sequences surrounding the deleted enhancers cannot recruit Greek Islands in trans (Fig. 3d) . To further evaluate the relative abundance of Greek Island trans interactions, we compared their contacts with the recently described trans interactions between superenhancers in cells lacking cohesin activity 10 . This direct comparison reveals that less than 2Kb of Greek Island DNA instructs interchromosomal interactions that are significantly stronger than interactions between superenhancers stretching over hundreds of Kbs (Fig.3e) .
Finally, examination of our HiC data from mitotic progenitors and neuronal OSN precursors shows that Greek
Island interactions in trans are undetectable in progenitor cells, first form in OSN precursors and reach maximum frequency and specificity in mOSNs, concomitantly with the peak of OR transcription (Extended Data Because Greek Islands are OR transcriptional enhancers that associate at the same developmental time OR genes are transcribed, we sought to investigate their spatial relationship with transcriptionally active OR gene loci. For this we FAC-sorted neurons expressing Olfr16 from chromosome 1, Olfr17 from chromosome 7, and Olfr1507 from chromosome 14 using knock-in iresGFP reporter strains [21] [22] [23] . First, we compared cis interactions made by these OR loci in the OSNs that transcribe them versus OSN subtypes in which they are silent. In each case we find that the transcriptionally active OR locus makes extremely specific contacts with Greek Islands from different OR clusters, residing in separate TADs located more than 1Mb from the transcribed OR (Fig.4 a,e,i). In the case of transcriptionally active Olfr16, we detect a strong and highly specific contact with a Greek
Island located ~80Mb apart (Extended Data Fig.6 ), providing the most extreme example of long-range enhancer-promoter cis interaction ever described. Interestingly, unlike the three OR loci, Greek Islands make long range that, by and large, are independent of the identity of the transcribed OR (Fig. 4b ,c,g,h), consistent with prevalence of Greek Island interactions in mixed mOSN populations. In this vein, in the case of Olfr1507, which is located 50Kb from the Greek Island H 24 , we observe a remarkable example of specificity in genomic contacts. Here, we detect strong interactions between H and the Greek Island Lesvos located 1,7Mb away, which do not extend to the neighboring Olfr1507 unless it is transcriptionally active (Fig.4 . g, h, i).
Finally, we asked if Greek Islands from different chromosomes associate with the active OR gene locus with the same specificity as the cis Greek Islands. Indeed, the Olfr16 locus interacts strongly with many Islands in trans in Olfr16 + OSNs, but has minimal contacts with these elements in Olfr17 + or Olfr1507 + OSNs (Fig. 5a ).
Importantly, even in trans we detect remarkable specificity in the genomic associations of the transcribed OR that is displayed at multiple genomic scales. First, these interactions are focused on functionally relevant regulatory sequences: Greek Islands preferentially interact with the promoter region of Olfr16, and the promoter of Olfr16 targets the center of the Greek Island bins (Fig. 5a, b, c) . Second, at a chromosome-wide scale Olfr16 contacts select Greek Islands but no other sequence in the whole chromosome (Fig. 5d, e) . Third, at a genomewide scale, Olfr16 is the only OR that interacts with many Greek Islands at high frequency. A Manhattan plot depicting normalized aggregate Greek Island-OR interactions shows that the Olfr16-Greek
Island contacts are orders of magnitude more significant than the any OR-Greek Island interaction (Fig. 5f ). In other words, in situ HiC accurately identifies the transcriptionally active OR from its cumulative interchromosomal interactions with Greek Islands. Similar observations are made for Olfr17 and Olfr1507, which interact with a plethora of Greek Islands in trans only in the OSNs that are transcribed (Extended data 25, 26 , the Greek Island hub is extremely selective in regards to the number of interacting genes, as only a single OR locus makes stereotypic contacts with this hub in a given OSN sub-population. The mechanism that prevents additional OR loci from associating with a Greek Island hub remains unknown and so does the mechanism that instructs the remarkable specificity of Greek Island interactions in cis and trans, since the factors necessary for these interactions have thousands of peaks in the OSN genome (see accompanying paper) 27 . In any case, specific interactions between Greek Islands in cis and trans are essential for OR transcription, since genetic manipulations that disrupt this multi-chromosomal Greek Island hub result in significant downregulation of OR transcription (see accompanying paper) 27 . Thus, our in situ HiC experiments uncover a differentiation dependent transition in nuclear architecture that essentially eliminates topological restrictions imposed by chromosomes, allowing the formation of interchromosomal interactions of unprecedented frequency and specificity. Although these interactions are reproducible enough to be detected in mixed mOSN populations, in situ HiC of molecularly identical OSN subtypes reveals subtle differences in the contacts between OR clusters and Greek Islands. OSN subtype-specific nuclear compartmentalization may reduce OR gene choice to a selection of one out of few OR loci that are stochastically placed in the optimal distance from a Greek Island hub, explaining deterministic restrictions in OR gene expression 28, 29 . Extrapolating our findings to other cell types and gene families, we propose that interchromosomal interactions occurring only within subtypes of, otherwise homogeneous, cell populations, may be responsible for variegated transcription programs that are yet unappreciated 30 . Although these interactions, and their presumed transcriptional consequences, are currently viewed as "noise", there are many examples where increased transcriptional variation is desirable and biologically beneficial [31] [32] [33] [34] . The nervous system, with astounding numbers of post-mitotic cell types, may offer the ideal setting for this diversity-generating mechanism of gene regulation. Figure S4 
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